Abstract. In this paper, the exp-function method is generalized to solve a first-order nonlinear differential equation with forth-degree nonlinear term. As a result, three new exact solutions with free parameters are obtained, the first two of which include generalized hyperbolic function solutions and generalized trigonometric solutions as special cases and the third one is a rational solution. It is shown that the generalized exp-function method with the help of computer symbolic computation provides a straightforward and effective mathematical tool for solving nonlinear differential equations.
Introduction
Since the celebrated Korteweg-de Vries (KdV) equation was solved in 1965 [1] , exactly solving nonlinear differential equations (DEs) has attached much attentions [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . With the development of computer science, recently, directly searching for exact solutions of nonlinear DEs becomes possible. This is due to some computer symbolic computation systems like Mathematica or Maple, which enable us to perform the complex and tedious computation on computers [13] [14] [15] [16] [17] [18] [19] [20] .
Recently, we proposed a generalized exp-function method [21] to solve fractional DEs by introducing the following new and more general ansätz: 
The present paper is motivated by the desire to extend the generalized exp-function method [21] to construct exact solutions of a first-order nonlinear ordinary differential equation (ODE) with forth-degree nonlinear term:
where 0 D a ξ is the modified Riemann-Liouville derivative with respective to ξ , which has some useful properties [23] [24] [25] , a , b and c are real parameters.
Exact solutions
To solve Eq. (3), we firstly use ansätz (1) 
If we set 
We, therefore, from Eqs. (4)- (6) obtain the following two exact solutions of Eq. (3):
At the same time, Eqs. (4) and (7) = , then Eq. (9) becomes
If we set 11
To express the solutions obtained above, we have used the following generalized hyperbolic functions and generalized trigonometry functions defined by the Mittag-Leffler function [21] :
sinh ( ) tanh ( ) coth ( )
We note here that when 1 a → , solutions (10)- (18) change into the ones of the standard form nonlinear ODE [26] .
Conclusion
In summary, we have generalized the exp-function method with computer symbolic computation to solve, in a uniformed way, the first-order nonlinear ODE with forth-degree nonlinear term by introducing the algorithm devised in this paper. As a result, three exact solutions with free parameters are obtained, from two ones of which the generalized hyperbolic function solutions, generalized trigonometry function solutions are also derived when setting the free parameters as special values. To the best of our knowledge, these solutions have not been obtained in literature. The generalized exp-function method can be also applied to other nonlinear fractional ODEs. How to employ the first-order nonlinear ODE (1) with its exact solutions as the subsidiary equation to solve more types of fractional partial differential equations (PDEs) arising in practical problems is worthy of study. This is our tasks in the future.
